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eported is a study on the measurement of concept 
attainment for the purpose of developing a measuring system and a 
model of attainment abilities and establishing relationships between 
learned concepts and cognitive abilities. Thirty concepts^ ten for 
each of the biological^ earthy and physical science areas^ were 
selected from six fourth grade texts and analyzed in terms of the 
level to which concepts^ attributes^ and examples were identified, A 
12-item test was constructed for each concept. Statistical results 
from concept and task attainments for boys and girls indicated the 
highest attainment level on biological concepts, the lowest level in 
physical science, and subtle differences in the performance of girls 
and boys. Results from a further simplex analysis of the task 
attainment scores supported the postulatlon of a concept attainment 
hierarchy. Children responded well on tasks dealing with gross 
perceptions rather than fine distinctions among examples and 
non-examples of a concept with the gross perception level preferred 
to the fine perception ievel. The attainment of a concept was a 
function of its association with the concrete world. Reexamination of 
science curriculum, instructional procedures, and children's 
cognitive abilities in terms of concept learning was recommended, 
(CC) 
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. Introducuion 

The assessinent of science concept learning continues to be a major 
research problem due to the lack of refined end agreed upon systems for 
measurement of concept attainnient. This deficiency is of paramount 
concern in measuring classroom achievement* For example ^ what levels 
of concept mastery are attainable by children? Answers to such questions 
are pertinent to the estahllshment of curricular content and specification 
of reasonable learning eKpectations for school age children* In 
addition, there are implications for the managenient o£ instruction; i.e,, 
whether instructional sequences are designed for individunls ^ small 
groups s or large groups. The lack of a system(s) for measurement of 
levels of concept attainment consistently inhibits progress in the 
study of science concept learning, 

A second deterrent to the improvement of science concept learning 
Is the absence of models of science concept lear-ning. Such a deficiency 
continues to produce diffuse and diluted research efforts on curriculum 
and instruction on science concepts, 

It is the purpose of this paper to report the progress made in a 
comprehensive study designed to measure the level of attainment of 
selected classif icatory science concepts. Major goals are developing a 
system for measuring the level of science concept attainments developing 
a model of concept attainment abilities ^ and studying the relationships 
among learned concepts and spoclfic cognitive abilities. 
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ProccdurG 

Test Conn true El on 

Master lists of classif icatory concGpts from the biological. Garth , 
and physical science arGas were prepared by analysing the six fourth- 
grade sciencG texts avallablG to the teachers in the school syatem 
where the concept attainment tests were to be administered. Initially^ 
ten concepts wore randomly selected from each of the three lists and 
analysed as follows: 

1^ Supraordlnatej coordinate ^ and subordinate concepts were 
identified. . 

2, Criterlal, other relevantj and irrelevant attributes were 
identified, 

3. A deClnition ws^a constructed, 

4* Examples and non-examples were identified (Voelkerj 
Sorensons and Prayer 1971), 

Concepts that could not be analyEed using this system were randomly 
replaced from the master lists until 30 concepts ^ 10 per area^ had been 
analyzed. (Table 10) 

A 12^item test was constructed for each concept* Bach test included 

one item designed to measure performance of these tasks (Voelker & 

Sorensonj 1971)** 

1* Given name of attribute, select example of attribute, 
2. Given example of attribute^ select name of attribute. 
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3, 


Glvein 


name 


of 


concept: ^ select cxainple of concept . 


4. 


Given 


name 


oj: 


concept 5 select non-cKample of concept * 


5. 


Given 


exani] 


ila 


of concept, select nome of concept* 


6. 


Given 


name 


of 


concept, select relevant attribute. 


7, 


Given 


name 


of 


concept^ select irrelevant attribute* 


8. 


Given 


meaning 


of concepts select name of concept* 


9, 


Given 


naine 


of 


concept select meaning of concept* 


10. 


Given 


name 


of 


concept 1 select supraordlnate concept * 


11, 


Given 


name 


of 


concept J select subordinate concept , 


12. 


Given 


two concepts J select principle relating them. 



These tasks were part of a schema for testing the level of concept 
mastery (Frayerj Fredrick^ ^ Klausmeier; 1969)/^ 

Pilot btudy 

A pilot study was conducted to estimate the reliability of the 
testa and make item indices data available for use in revising the items. 
In addition, preliminary data were available for estimating the possibility 
of a hierarchy of concept attainment tasks. 

A slmplDK analysis (Gutttnan, 1954) vras run on 12 of the 30 concepts* 
ThB results Indicated the eKlstence of a general progression of difficulty 
which approximated the organization of the schema tasks used In con- 
structing the concept attatiimenL tests, (Table 1). 

^ote that the tasks In this schema are typically used by teachers and 
rasearchers alike to measure the level of concept attainTnent, Howeverj 
analysis of 'concept attaintiient studies reveals an absence of consistency 
in patterns of use. This lack of consistency raises serious questions 
about the source (s) of variance in test results. 
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Table 1 

Simp] OK Analyses for SeloctPd /HTnnncmcnUB 
of Tnak Attainment: Scores- 
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q 

1. 5 4 3 2 1 7 8 9 10 11 6 12 .8236 

2. 3 4 5, 1 2, 6 7, 8 9p 10 11, 12 .8133 
'^Mixed snmple of boys and girls 

Results 

Factor Analyses 

CoriVGntionnl factor analyses were perfQrmcd separately for the 

concepts and the tasks to gain some insight into the interrelationships 

among the variables of a single mode. The conventional analyses were 

obtained using three initial factor methods—Alpha (Kaiser & Caffrey, 
2 

1955), Harris R-S (Harris, 1962)5 and Unrestricted Maximum Likelihood 
Factor Analysis (UMLFA) (Jbreskogj 1967)* Tucker's three-mode factor 
analysis was then used to deterinine If there are any important concept- 
task interactions for the idealized persons ( Tucker "5 1966) • (Tables 2-9) 

The conventional factor results for the concepts yielded one or 
more orthogonal factors for the various methods. The concept variables 
are almost all of complexity two 3 three, and even greater on these 
factors, however. The obligue results tend to yield simple structure' 
but the oblique factors are very highly correlated , thus, a main 
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conclusion is tlint: all 30 of Lhci concepLs nro measures of a Biunli^ 
functionnl relationship existing among the concapts; LIiih IioIcIk fur 
both boys and gir.lH, 

As with tlic concuptfis the moKl: rcnRtninhla intGrjirct::! tion for the 
tasks Is that all 12 of the tasks aro nieasurGs of a single undarlying 
ability oir latent trait. The intercorrelatione of tlic obliqua factors 
are extremely higli wlien more than one factor is yieldecL ■ 

The results for the tlirec-mode factor analyses Bupport the hypothetic' 
that there are no important concopt^task intciractions for the idaallzed 
persons. Thus, it is reasonable to regard these two modes as being 
independent, 

Coiieept A L Lain men t > 

It should be noted that the concern in this analysis is for general 
patterns and trends rather than a comparison based on statistical 
Inference, This is a function of the evolutionary design of the study. 

The means 5 standard deviations ^ and estimates of test reliability for 
the 30 concept attainment tests are presented in Table 10. The results 
Indicate the highest level of attainment on the biological science concepts 
and the lowest level of attainment on the physical science concepts for 
both the boys and the girls. Thase results are not unexpected in terms of 
tlie age and developmGnt of the children involved and tlie normal range of 
school and non--school experiences children liavc with these concepts* 

It is of note that the girls achieved higher mean scores than boys 
on 25 of the 30 concepts* This general pattern of higher acliievement 
for girls was also evident in each of the three subareas . Tha least 
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and uiio most: difficult: conccpug for boLli boys and girls ware j.dcaiticin] * 
niu highcfit scoroB were earnctd for iiianiinnl and f tsli , and the Ipv'cnt BcoruK 
earned wDrc for Jnyortcbrn coll , molecule , and cnnd ucl:nr, "iiie "easi.cn*" 
concepts wcro both from the biological science area but uhe niant difficult 
concepts come from both the pliyslcn] Bcience and tlie biolcn^^ea! f^cienre 
areas* 

Tliose concepts .*hl:.ti were easier for tlie children are aB5>ociated 
with comnion Qxperioncej are I'elatively easy to provide Instructional 
sequencds for 5 and lend theniselvcs to illustration with concrete CKamplep 
and non-GxampleSp In addition^ they are associated vjith living tilings 
which are of major interest to children in the elementary scliool* 

Difficult concepts coming from both the biological , and the ^physical 
£ ■once areas Is revealing* Tlie particular woncepts can be applied in a 
elassificatory sense but it is not easy to develop instructional sequences 
to teach them in a elassificatory sense* Each of the four concepts arc 
abstractions from derived data rather than perceptual data which could 
pa?;tlally explain the lower level of attainment. 

Nine of the ten concepts on which the highest science area scores 
were earned were the same for boys and girls^ five from the biological 
science area and three from the earth science area* Eight of the ten 
concepts on which the lowest sccres were earned v^ere identical for both 
boys and girls ^ four from the physical science area and three from the 
biological science area* 

The comments in this and the previous paragraphs indicate that 
differences in the performance of girls and boys on the attainment of 
these and possibly other classiCleatory concopts are apt to be subtle. 



ilia bloJoj^ical t^cicnivo c:oncupL!> divide thcninclvon into iiu^;U' \/hith uw 
rcndily Icuirnod and iiliuHo v/liicli arc: notij ni^])urtuit:ly n fuiicLiun oi LliC 
du[^rctf oj! abstracliicm or c (nmcction v;j t.li pnrcfp Lual and rLrslliaiid 
oxpurlGnccu Generally ,lnVj ECoruK v/nrn aL:t:alnod cm t\\n j?hy^dc-a] HciuiUH^ 
concoptn wliJlu Kcoror; earned on idiu aarLli f;cicnca cuncupt:^ are meru 
InncriiicdiaUej possibly because^ mora arc a^isot'i ated wi.l:h diruct percc^j-itiial 
GMpcrlancQ, 

Tbe VLi^ulV^ ^ui^^iisi idiat: the nature of thuHL- concc jUH i ^nicli tiiat 
tliuy cannot be readily claHsifled by arvn or williin area find Lhat ihi' 
leva] of attninnient of n concept is a function of ItH aHHotiiaLinn with 
the concrete world. Thin is not n Btartllng finding. Raiber it lends 
crodlbili ty to postulatronB of Pia^^et and otbeT"'-^ vdio 5Uudy the 
npy rbol on"^ ^ devfj 1 nni"f f of t h*^ '^■Irl 1 d ^nd h^^ nb i Jity t *^^ i nrm riu^rc^viV^ 
and claBse.^ of concept.s. 

jjsli At tain in en t 

Means J standard dGviations, and estimates of test reliabilities 
for the 12 concept attainment tasks are found in Tabic =11* The 21 r]-^ 
achieved higlior levels of concept attainment on all" 12 taFdcs. 
No estimate of tlie existence of a si£'nif leant difference^ Is made but 
it is notcwortliy that the pattern holds acrosH all 12 tasks* 

A simpleK analysiH was run on the task attainment ncorus (Tahi.e 12), 
These results Indicate a similar pattern of attainment on the ta^^ks 
for boys and girls, the correlation between the ordering^ being *879* 
If the girls do have an edgCj it appuars to be marginal. 



Tabic i:^ 



Ikiyj; iind Gii: In''' 



q 

Boy- 4 3 5 1 2 10 B 11 9 6 7 12 ,9129 

Civli^ 435218 10 9 11 G32 7 .8948 
^Corraleitiipn bctiv/ucin hoy^ and ^^irlK orderinL; *879 

"JJlic rcsulip of t:hG ^±m[)luK analysis lend suppc^^U to the pontulatlon 
of a concept attcilnmont hlararchy. While thu taskn are not In the pame 
ordnr ns listed In fcho procedure (p. 2), tharc is a pattern v/hicli 
approMiiMites that postulatlon* A notablo cKCOption is that questions 

with rttributcs, Quostionf; dealing with rolGvant and jrrcHlevant attributr^R. 
of coaccpts arc at a higher level than initially postulated* Scholars 
in the dlsciplinn and/or learning theorists may deem it nocGBsairy to be 
able to identify specific attributes of concepts that can be classifiad 
and applied but children arc not bohavina as predicted. Tlicy appear to 
deal moro with gros,^ perceptions of concept eKamplcs and non-cKaraplcs 
than with subtlctiQs of attributes and their relative distinctions and 
groupings. 

Further examination of the concept attainment tasks shows the 
same pattern of response bet^^^een boys and girls on ^xamplG and non- 
example questions but there is a reversal in the results when they are 
asked to select examples of attributes rather than .select names of attributes 
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T][vrv art- alst) shifts luav^ccMi cjih'Htian^^ ri-wilrui lo ch- f i n i Li cup ui t'oiu't-pt 
imd wupr/iorcl i nnt:i.' and nnhnrd i iki l.e rcnicc'iUs. Tlii^; patUn']i stHMi's ic^ la* 

i\t)mO l]\ X wy^ mnvo incliinivci Hiic:h ns ^al]irnc)I i nat c fu.niru^j'l tir Lu ri-laii:^ it: 

la HCHDc I ]) ] ; li*Hs rfi!';p rrlu'iis ;l vt? j^mcIi as a HulnnHllnaC'f' c'nnct'i^t . Tlici't.' 
roBul is nro unt rcadiJy CiXpl.ainoicl and clascrvc* furl he-]' analysis;, AuDtlif^r 
Sill ft: froni iihu poBcd liieunrchy v;af; in tlia iclDiil; i f ico t;:i on ai" rolcn'tniL 
nnd Irrelevant: otLrlbuL'cK nnd rolat lonshipH bntween ccnice^pLK. Tho 
fact thnr Lhese occur aL the "liighcBt:" levc^l of nt Lad^nmcnt lends Ln 
indicate tlial: thQ taska rcproHcmt: sublil.c ability to difitinf'uisli 
propGrLlaH of objects and ma terlal b p skill in the hlghor Iovc^Ih of 
concept farniation appro^iching probl enHt^o] ving . 

Di Hc usH ion 

Tha fnc-t that the reported rosults are part of a continuinc study 
luads to diBCussion of "things to ponder" rather than nttoiuptiug to draw 
firm conclusiona. Findings givo rise to many pertincMit quefstiuna 

about the n.ature of children^ a 1 earning i from the standpoint of tho 
child -s p.^yclio logical developniGnt" as well as conditions of school 
learning. Such qiieBtious re]. ate to tlie effects of teiachnni'^ behaviors 
on cliildren's learning stylos and the attainment of selected levels 
of concept nttalnniont, and the coiiipatibill ty or incoinpatibllity of 
the structure of a discipline with child deve].opnient * 

Little is to be said about the general level of concept attainment 
nor that by area* The results confirm that the biological science ' 

concepts found in the elornentary school science curriculum are easier 
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in Icnrn thnii iha phyHif/il ncir'nei' c:on cc- p t n . K:-Ui!'M iin t hmi uf ihc 30 

incjuclpd ruiu-i>piH ^niiuu-^tin Lhnt "unsicr" is npl to be- n func-t nui of 
LliL' ('vt.ont. t^f concrc'Le uxpf ■ r i uii co Llie clii.Ulrun can ])ia?vitlgd iu lIu'Ij^ 

Ficbouj learning t'livirunnKMi!: and uiiui r t-'iptMvi cmicc* wi.trh Lhc nntura]/ 

t^nvi rnninonl:; also t:ha casu of thu dcvcOoping in/^ t. rucL I nnal Hfqnuncos. 

PaHt rusuarcl) hah^ indJcnuod Llial: cliildrun*s iiUureHlTH infliu^nco whni 

tlioy lanvn. ClilJdren nrr far moro iuLcreiRLed in t:angibl<2a iliaii iduas 

(ccmcopus) derivc!d froiii ftc'condary dnla and nbst:ractiDn£> * 

ThG rmnlvs shed some light on the inciiiBlon of certain conccptf^ 

ill the olamontary school scienco curriculuiiu More biolcgicai. science 

concoprs v/ouid br^ appropriate for inclusioji because the children did so 

wall on thone inrluded and the fact that Puch concepts lend theiiiselves 

more often to liands-on, concrete eKperiences. At the lower levels of 

the science curriculum a larger proportion of biological science concept 

nilglit be appropriate. 

The fact that the earth science concepts do not align themselves 
one way or the other in terms of difficulty indicate a neutral stance, 
Thus^ it might be Justifiable to postulate that the "second line" of 
concepts for the elementiiiry school curriculum would be from the earth 
science area. And last, because of the relative proportion of 
abstraction, concepts from the physical sciences might be relegated to 
the upper level of the elementary school curriculum. 

Possibly, there is need of a new approach to science curriculum 
development that would graduate concept inclusion from biological 
to earth to physical science to parallel children's development of 
concrete to abstract. This postulatlQn cannot be taken as an absolute 
but there is a similarity between the concepts in the three subareas and 
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the psychological development of the child , The results of this study 
Indicate that the curricular content should be based on what children 
can learn^ not only the structure of the discipline. And if a spiral 
approach to curriculum development is used then data are needed on the 
Initial point of inclusion of particular concopts. We should question 
whether the revolving topical organiEation of curriculum is appropriate 
when we Include concepts from all three areas *at the same level. Concepts 
are developmental. Children develop their conceptB over time. 

Other questions are in reference to the concept attainment tasks 
and their groupings. Children responded well on those concept learning 
tasks which deal with gross perceptions rather than fine distinctions 
between and among examples and non^exatnples of the concept* The ability 
to identify attributes of a concept appears to be more difficult than 
being able to distinguish between eKamples and non-examples of a 
concept. Also concept attainment tasks dealing with definitions and 
relationships between and among concepts are easier for the children 
than distinguishing between relevant and irrelevant attributes. This 
further substantiates that children are mpre able to deal with p.ross 
perceptions than fine distinctions. This is probably a funct..on of 
the child's development but one would suspect that it is also a function 
of the nature of the teaching act. Particularly ^ in terms of the ways 
in which instructional materials and instructional eequencas are 
designed. Are we trying to force the "impossible*' on the child or 
if the child has not established a learning patt^ni are our teaching 
behaviors favoring a. particular get? Research (Slepel and Slegelpl965) 
indicates that young children early adopt a pesture of being either fact 
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leaifners or concept learners. It is highly probable that our teaching 
behaviors- control children's patterns of concept learning which in the 
long run could restrict the child's capabilities in concept acquisition. 

There is some Indication that selecting names of concepts when 
given attributes is more difficult than identifying concept attributes 
when given the concept name. Tlie notable factor is the reversal In 
results between the girls and the boys. Also, it is possible that concepts 
are taught by example and non^eKaniple rather than attempting to teaching 
them by attribute identification and discrimination,. Much research has 
been conducted on the manipulation of attributes of concepts in presentation 
of concept eKample and non-eKainples but children may be receiving the 
wrong tnessage. They may be ignoring the fact that the examples and uoii'- 
eKamples Illustrate various combinations of attribute presence or 
absence and rather, are distinguishing between the eKMple and the 
non^eKample at the gross level^ to tally missing the developer-i intended 
message, ■ 

One also suspects that children's classification abilities are 
poorly developed in the elementary school , possibly because of 
teaching sequences but also because of an inability to comprehend, 
classif icatlonj a skill that "defies trainlngj one that must develop over 
time, , The research would tend to indicate that chlldr^en in the elementary 
school operate at the gross perceptlpn level than the fine perception 
level, 

Further eKamination of the hierarchy Indicates other differential 
abilities. Selecting names of concepts appears to be ■'easier" than 
selecting the meaning of the concept when given the name. But do we teach 
the opposite? Alsov it appears easier for children to Identify subordinata 
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concepts than supraordlnate concepts* Is this because it is difficult 
for children to relate pieces to the whole or because there is no atteinpt 
at relating parts to wholes in our instructional programs? Is this a 
reflection that our teaching moves from definitions or highs to lows 
which in fact creates a learning cliinate which works against us when 
we attempt synthesis? , 

One further observation is the tendency for children to succeed 
when working from the positive rather than the negative. This could be 
a function of child development but there is also a suspicion that the 
behavior is enhanced or inhibited by the nature of teaching* 

The previous discussion has raised inora questions than it has 
formulated conclusive generalizations. However, this is consistent with 
the stage of evolution of the study. The results are not startling 
but they do indicate that children learn better those things closely 
related to Qbservable phenomena. Our apriori classification of 
concepts as easy or difficult or as classif icatory or theoretical may be 
too stringent. As far as children are concerned there are aspects of the 
same concept which fall in both the classif icatory and theoretical realm* 

This study deals with "learned" conceptB* Do our assesBments of 
concept attainment measure a combination of factors including teaching 
behaviors > organisation of instructional strategies p and the learning 
development of the child? Are we actually measuring learning patterni 
response to teaching behaviors, or is it more probable that we are 
measuring combinations whore the interactions are so subtle that our 
research is really dealing with questlona too large and gross? 
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The results also indicate that diildren may have difficulty in 
Identifying the properties of objects and things. Tlieir classifying 
behavior Is relatively poor. This could, of course,, reflect an inability 
to do this as a function of many factors , but it could also be a reflection 
of poor preparation in this area. An examination of instructional 
materiels would reveal an assumption that children can classify solely 
because they can distinguish between apples and oranges. These results 
imply that the ability to classify is apt to be more a funcLion of the 
ability to identify attributes of concepts and distinguish between 

jand among relevant and irrelevant attributes, singly and in combination. 

In terms of design of instructional materials and- .children - a ability 

to classify, we are probably expecting top much of the elementary school 

child ill clastilfylng and applying classification skills to concept learning. 
The results of the study lend credibility to the postulation of a 

hierarchy of concept learning tasks. This has major implications for 

the selection of curricular content and the design of instructional 

sequences* 

Last but no least, these data lend credibility to two contentions. 
One, touted by Raven (196Sa,b, 1970) for some time, is the lack of compati- 
bility between the structure of the discipline and psychological development 
of the child. Children do not think like adults and cannot rediscover 
what scientists have. Therefore we need a careful eKaminatlon of the 
nature of science curriculum and instructional procedures. And as 
Norvel Scott (1970) has indicated we have totally inadequate 
Information on children 's cognitive abilities and their connections to 
SGience concept learning. 
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Nxunbei's of IDiitlal end Derived Factors for Concept Scores s Boys *aid Gar la 

Diitial , Demv 0 d O rUTo g j^t q r 3 Der ived^ObllgTO Faotors 
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UMLFA 23 23 0. ■ 0 0 0 2 3 0.0 0 0 
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92 




63 

97 

131 -li7 
5I4 32 
60 

73 

9I4 

96 

58 

I45 ho 



33 5U 



12 Core 


Bo 








99 








60 


13 Possil 


83 


■52 














99 


lit. Glacier 


81 


115 


-32 












92 


15 Heteor 


80 










96 






72 


16 jMoon 


81 


33 














77 


17 Planet. 


83 
















37 I47 


18 Sedljiientary Hook 


75 




li5 


31 










39 36 


19 Volcano 


8I1 


56 


75 












7ii 


20 Wind 


8I4 


72 






32 








80 


Area? Physical Science 




















21 Conductor 


71 






67 










-33 105 


22 Evapoi'stion 


















98 


23 topamsion 


82 














83 


95 


2lj >>iotipn ' 


76 


-51; 










37 


57 


Sh 


25 Liquid 


77 














108 


■ 53 


26 Melting 


81 
















52 


. 27 Mol0sule 


7I4 








60 








-lio 115 


28 Solid 


83 


67 












65 


ii9 35 


29 Sound 


81 










73 






3h hB 


30 Thermometiar 


81 




63 




31 




-31 


39 


66 



9$. 



i:D?r" * .^cludQo those variables which have coefficienti greater than .30 (absolute) ♦ 
y^JL., Decimla have been omitted, . . . 



TA)3LE 5 

Obliqiie Conuiion Factor FCesiilt« for Sc3.cnco Concepts: Girls' 



Concept 



Area: BloloElcal Science 
1. Bird 
■ Cell 
; Fish 
Heart 

BivertebratQ 
Lens 
Limgs 
Maiiiinal 
Kusole 
Pore 



2 
3 
h 

5 
6 

7 
8 

'9 
10 



Area: Earth Science 

11 Cloud 

12 Core 

13 Fossil 
lit Glacier 
1,^ Meteor 

16 Mo oil 

17 Planet • . 

18 Sedimentary Rock 

19 Volcano 

20 V/ind 

Area: Phyaioal Science 

21 Conductor 

22 Evaporation 

23 Expansion 
2I4 Friction 
2$ Liquid 

26 HoltijiB 

2? .Molooule 

28 Solid 

29 Somd 

30 Thermometer 



Alpha 
A-l 



68 
6$ 
78 
78 
67 
6h 
BU 
76 
72 
80 



80 
Ik 
80 
76 
78 

uu 

81 
69 
76 
78 



66 
81 
79 
73 
80 
78 
6$ 
79 
80 
70 



Harris R-S? 



H-1 H-2 H=3 H-ii H-6 H-7 



82 



109 

$2 



$1 



97 ' 
32 

iiO 66 

37 33 
50 ■ 39 



ko 

96 



62 



SO 



70 



50 
14 J. 



39 hi -32 
35 



87 



37 
$2 



53 



32 



38 31 
81 
107 
38 

100 



40 



58 



91 

63 
56 
76 



UlCFA 
U-1 U-2 U-3 



8U 

86 

75 "li3 ii9 
7I4 

79 

116 

ill* 58 

33 62 
Ih 



75 
63 



39 



76 



37 56 
90 
38 
100 



90 
73 
52 
7I4 

ill 32 
39 

35 33 
37 



ho 



85 



97 



Bntercorrelationo of 


2 


80 








93 


fa'ctorg 


3 


89 


82 






92 91 . 




1| 


90 


85 


90 








5 


90 


8U 


89 


91 






6 . 


92 


83 


92 


93 91 






7 


92 


80 


90 


87 90 90 





Includea those variables which ha coefficicnto greater than .JO (absolute). 
Deciniala have been omitted. 



TABLK 6 

. Oblique Coramon Factor Reuults £ox' fJclence Tasks: Boys* 







/.lt3ha 


Harr.ls li-S^ 




UHLM 




Task 


A-1 


ll-l II-2 


U«l U..2 U-.3 


1 ■ 


Given nama of attribute^ ^iolect example. 


89 


79 


120 




2 


Oiven examplG of attribute^ select nmQ^ 


92 


72 


69 




3 


Oiven name of concept^ seleot exanples 


83 


112 








Given name of concGptj select npnexainple ^ 


79 


7I4 


39 






Given oxample of conoept^ select nameg 


90 


97 




116 


6 


Given concept^ select relevant attribute o 


91 


102 




105 


7 


Given conceptj selGct irrelevant attribute. 


87 


96 




93 


6 


Given definition of concopt^ select nanies 


93 


75 




78 


9 


Given name of concept^ select definition 


92 


99 




105. 


10 


Given concept 5 select supraordijiato concept. 


93 


3I4 60 




61 


11 


Given concept^ select subordinate concepts 


91 


77 




76 


12 


Given two conoeptSj select relationships 


86 


106 




108 


Sitercoi'relations; of rac'tors: 2 




91 


91 






3 






93 


87 



Decltnals ha va been ornltted* 



TAaE 7 



l 

5 
6 

7 



Obliqiie Common Factor Results for Soienoe Tasks r Oirls^ 



Algha Harris R^SB UMLFA 



Task 



1 Oiven name of attribute^ select example, 

2 Given exanple of attribute^ select rame. 
Given namo of conceptj select example. 
Given name of conGept^ select nonexampla. 
Given example of concept ^ select name. 
Given concept^ select relevant attribute ^ 
Given concept^ select Irrelevant attribute » 

8 Given definition of concept, select name, 
9| Given name of concept^ select deftoition, 
iq Qlven concept, select supraoi^inate concejA, 

11 Oiven conceptj select subordinate coTOpt, 

12 Given two concepts^ select relationship/ 



Intereorrelatipns of factors s 



2 
3 



91 



A-l 


H-1 H«2 


U-i 


U-2 U-.3 


88 


35 51 


102 




89 


63 


101 




86 


85 


37 


53 


77 


103 




96 


86 


8ii 


52 




89 


99 




79 


83 


106 




90 


91 


82 




^6 


93 


8? 




87 


92 


11 




■80 


68 






9h 


86 


96 




107 



90 

9h 83 



- • vni^iiiblQs which have coefncients greater tlwin .30 (absolute) " 



Idealizod 
Persons 



Task* 
Components 



1 

2. 
3 

1 

2 
3 



TABLE 8 

Tliree-Mode Core Keoultsj Boya 



. Type I 

Oon cept Oomponents 



Area 
1 



.12 



Area 
2 



i.|i^ 

.61 
- .3? 



Area 

3 




lip 

.20 

.29 

.56 



Idealised 
wperaons 



Task* 
Components 



ERIC 



1 

2 
3 



JL 



Concept Cojrn^Dnents 



JiiSP 1.20 

1 i* 





1.37 .SJ, 




4$ 1.21 





1 
2 
3 


.28 


- .09 
.35 

- .39 


.18 
.07 

- .37 


.17 

- ,16 

- .25 


3 


1 
2 
3 


~ - .20 

- .01, 

- ,01 


- .23 

- .20 
.07 


- ,U 
•31 


.62 

- :w 

- ,05 




1 
3 


- .23 

- .11 

- ,09 


-fg 

.01 


.29 
..09 
-.16 


,06 
• 26 

.05 


? 


1 
2 
3 


,06 
- .08 
,11 


- .oa 

,21 
,12 


" .07 

:^ 


- .25 

- .10 


6 


1 

2 
3 


- M 

- .11 

- .12 


- .13 

.05 

- .03 


.01 
.06 


- .01 
-.,10 
.01 



• .30 
.00 

. .38 

• .27 

.13 
.18 

.Oh 

•01 

.17 

.12 

.05 
,28 



8 



.72 



ifl 




Variables comprlsine task components; 
Type Ij 1 - Tasks 1-3, and $ 

6 - 13 



4I 


,03 
.20 
- .11, 


.08 
,09 
- .29 


.05 

.28 
- ,06 


- .13 


.02 
. .07 
.13 


,02 
,26 

- .014 


- .01, 

- ,12 

.12 


- .15 

- .1,9 

- .31 


,09 
,27 
,22 


■ .16 
- M 
.01, 


■. .36 
- ,h9 
.06 


.27 


.28 

- ,03 

- .08 


.05 
.01, 
,0l4 



2 - Tasik^i, 

3 Tasks 



Type II J 1 - Tasks ij g, and 
. 2 - Tfiiiks 3 and 5 
■ " 3 - Tasks 6: - 12 ■ 



T/iBLJi) 9 

T}jroC"Hoda Core HcaiCLts: Girls 



concept Component 3 



Idealised 




Area 


Area 


Area 


Per son fj 


Compononts 


1 


2 


3 


a 


1 


IjDO 


1^00 


1,03 




2 










3 






2.21 


2 


X 




■ - .13 


- .26 




2 


- .iiO 


~ .62 


- .38 




3 


.13 


aH 





Type II' 



Idealiaed 



Task' 



C one et jt C Q mpon cii ts 



Persoua 


Coi-illJCiU wilts 


1 


_ _2 




h ■ 


5 


6 


1 


1 

2 
3 


2.17 

1.16 

m 


.81 

iM 


1.32 
"7ff7 
iTF? 


,27 
.21 


,35 
.16 

.143 


1.06 


2 


1 
2 
3 




- ,1$ 
.02 

- M 


.27 

: 


W 
,1U 


- ,21 

- .21 

- .27 


• - .17" 

- ,3)4 

" .37 


3 

: 
/ 


1 

2 
3 


.10 

- ,02 

- .13 


M 


- .20 " 

- .37 

- .03 


.oh 

.22 
,01 


,07 
,30 
.17 


- .01 

- .25 

- ,06 


l4 


. 1 
2 
3 


' - .15 

- .06 

- .11 


- .08 
til' 


- .08 


.10 
.07 
,11 


.19 
.1(5 
• .07 


.11 
- .31 
.Hi 



1.08 
.22 

.30 

M 

- ,01 

.12 
,17 
,01 



* Variables compr.lr.ljig task components: 

Type I; 1 - Tasks 3 and 5 
Task k 

Tasks 6-12 



Typo III 



1 - Tasks Ij 2, and 5 

2 - Tasks 3 and h 

3 - Tasks 6 - 12 



in c-i 



^ii oJ i'-^ 



C/j CO C I O f 
I-. '^i' 



v^i fn f'l fi; 






\D f'^ f"- i--^ 



ai r^- f'J 
f-^ r--. f 



c-'j in o f i 
i-.^ f ^ 



F^i f M r i f-- in Ci r- r-^i 

f^^ V^i sf;i vp ^i'^ r-- \£\ f -• 



to O^J vl> O f'^i ' ^ 
fxj c-J CO wTj , i si-i 



H CM c^J r J TN cs c-i 







CO 




ri in 






to Ui 


C7i 


en r- 












-J 














?-} 


^-J r ^ f i f'l C'l r.i 








r-J 


{ i r j 






r-i r-l 








ci c-J rj c i c>j c-^i 



Oi O O Hi c^i- CO f^j 



c-i in 



^4 Ol C4 PhI C^' fvl C^J fsJ 



CO 














CO 














r 
















Cn! 








CNl 









rn fH -^j iTi in O cO <Zy a\ ^'S 
(hi ri es c i c i c ^ a r tn r J 





















1 -^'j 




« 3 


cn 








CO 


















r^^ CO 


as 




CO 


CO 


to 




CO 


f"^ CO 


CO 


CO 





















o 












in 


in 






CO 






0'» 


CO 




CO 


CO 



CO r-J ci-i c? r-- in ^ r-- tf> 

CO --3 r-^ <t CD a-* ^ O 

CO CO r-^ CO a% co co 



CM 


CO 






in 








CO 




CN 




CO 


en 






cn 








CO 


Crj 








CO 


CO 






CO 



CM 








cu 


tn 


ri 


CO 




so 




in 




CO 


















CO 






go 


CO 









































a? 

4 J 






























fj 














iJ 
























































M 




















C) 










tn 


























iH 










H 




M 








4J 


















'H 


•rH 


D 


-a 






1^ 


4.) 




to 


Fi 


U 


C) 






LO 


u 


C! 


M 






rj 




p. 




I i 


m 


M 


0 




w 


rj 


4 










ll 




n 






O 




a 


o 




h 




u 


ll4 






^=1 










U 


u 




L5 





''cj 
o 
Pi 

M O 2.) 







cd 










d 


















4J 






a 


4 J 


o 












Q) 








Q 




4J 


fj 




o 




aa iH 






& 




ij 


ii 


r4 




y 
















o 








rj 




P 


o 




u 














r: 




U 










u 










u 


o 




^1 


fH 


f ' 










v 




r=l 










!li 


U 




o 






U 




Oj Q 


O 


a 








CO 








w 










CO 







H CN cn ^ in v£) o 



CN cn -^r 
M f-i 



in so f-^ CO O 

fH r-< fH fH f-i CN 



iHcNf^'^tn^f^cQa^ o 
esiCNr^rMfMcscsjfMcM cn 



Tabl(- 11 

Mdciimj Sl;nndnrd ])uvi n'uionri ^ and lUO.;K^bil it:lca 
for ToHt^^ af. Tnak Alt aJninunt-^^ficiuncc* 











SLnritlnrcl 






Tiifik 




Mfifin 




Dcivi 


;ii ion 


lloyt Rnliability 


Kuiiibor ^ 


Boyfs 


Girla 




Boyt; 


Girls 


Boys 


Girls 


1 


23.1V 


24.5/( 




5.14 


4.51 


.84 


.83 


2 


22.22 


23. 6 A 




5.74 


4. BO 


.87 


.84 


3 


23.50 


2/.. 11 




4.46 


3.60 


.80 


.72 




23.3^1 


23.65 




4.20 


3.38 


.76 


.66 


5 


22.95 


23.57 




5.36 


4.30 


.85 


.78 


6 


18,76 


20.18 




6.10 


5.61 


.85 


.83 


7 


16. 76 


18.05 




6.30 


5.74 


.85 


.83 


8 


20.17 


21.37 




6.81 


5.76 


.89 


.85 


9 


19.06 


20.26 




6.48 


5,99 


.87 


.86 


10 


20.67 


21.04 




6.50 


■ 5.94 


.88 


.87 


11 


18.82 


19.49 




5.66 


4.81 


.83 


.77 


12 


17.32 


17.63 




5.90 


5.52 

1 


.83 


.81 



1. Given name of attribute ^ select example of attribute, 

2, Given example of attrlbutG, select name of attribute, 
3* Given name of concept , select example of concept, 

Given name of concopt^ select non-GKample of concept , 

5, Given eKample of concept ^ select name of concept. 

6, Given name of concept, select relevant attribute. 

7, Given name of concept p select irrelevant attribute, 

8, Given meaning of concept, select name of concept. t 

9, Given name of concept, select meaning of concept. 

10. Given name of concept^ select supraordlnate concept, 

11. Given name of concept ^ select subordinate concept . 

12. Given two concepts^ select principle relatlnB them, 
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